Background: Low-dose metronomic (LDM) chemotherapy is a novel approach that involves frequent administration of a low dose of chemotherapeutic agent without a long interval. Purpose: The aim of this clinical pilot study was to evaluate the toxicity and efficacy of LDM chemotherapy with weekly low-dose docetaxel for previously treated non-small cell lung cancer (NSCLC).
Background
The progress of antitumor chemotherapy over the past few decades has resulted in striking survival benefit for patients with advanced non-small cell lung cancer (NSCLC). However, patients with relapsed NSCLC continue to have poor prognosis. Shepherd et al revealed that salvage chemotherapy with docetaxel led to greater survival benefits than the best supportive care. 1 Moreover, Fossella et al reported that triweekly docetaxel monotherapy was superior to vinorelbine or ifosfamide for previously treated NSCLC. 2 These researchers also showed that although overall survival did not differ significantly between docetaxel 100 mg/m 2 and docetaxel 75 mg/m 2 , the docetaxel 75 mg/m 2 arm was well tolerated. In Japan, a moderate docetaxel dose (60 mg/m 2 ) was employed because docetaxel 60 mg/m 2 demonstrated survival benefits comparable to those obtained with docetaxel 100 mg/m 2 . 3 Based on these findings, triweekly docetaxel therapy has been regarded as standard treatment for previously treated NSCLC.
A novel approach for treating relapsed NSCLC is the use of low-dose metronomic (LDM) chemotherapy. Various preclinical studies have shown LDM chemotherapy might exhibit alternative antitumor effects in addition to the direct cytotoxic effect. 4, 5, 6 In LDM chemotherapy, the chemotherapeutic agent can modulate the cancer This article was published in the following Dove Press journal: Lung Cancer: Targets and Therapy 17 May 2012 Number of times this article has been viewed microenvironment and disrupt tumor-associated vascular angiogenesis. This approach involves administering cytotoxic drugs on a daily or weekly basis at low doses without a long interval. Docetaxel has been recognized as an active reagent that can exhibit metronomic activity in vitro and in vivo. 6 Therefore, we hypothesized that relapsed patients with NSCLC might receive a survival benefit from LDM chemotherapy with docetaxel. In this study, we evaluated the toxicity and efficacy of the novel metronomic regimen in previously treated NSCLC. As far as the authors are aware, this is the first report of a true weekly LDM regimen with docetaxel for relapsed NSCLC.
Patients and methods Patients
Patients with histologically or cytologically diagnosed NSCLC (clinical stage IIIB or IV at the time of enrollment) who had previously received at least one regimen of systemic chemotherapy were eligible for entry into this study. The clinical stage was assigned based on the sixth edition of the TNM Classification for Lung Cancer. 7, 8 Previous paclitaxel use was allowed. An interval of at least 4 weeks from previous treatment was required. Each patient was required to meet the following criteria: Eastern Cooperative Oncology Group (ECOG) performance status (PS) 0-1; age $20 years old; and adequate organ function as defined by serum creatinine # 1.5 mg/dL, total bilirubin # 1.5 mg/dL, serum aspartate aminotransferase and alanine aminotransferase # 70 IU/L, PaO 2 $ 70 Torr, white blood cells $ 3000/µL, platelets $ 100,000/µL, and hemoglobin $ 8.0 mg/dL. Patients with another clinically active malignancy were excluded. The study was carried out according to the Declaration of Helsinki and was approved by the Clinical Research Board of Kansai Medical University, Takii Hospital. Written informed consent was obtained from all patients.
Treatment
Docetaxel (15 mg/m 2 ) diluted with 5% glucose (250 mL) was administered intravenously over 60 minutes each week. The treatment was carried out on a true weekly basis without any interval. To prevent a hypersensitivity reaction, 2 mg of dexamethasone or H1-blocker was given as premedication to all patients. The treatment was repeated unless disease progression was observed. Response was evaluated with chest computer tomography every month during the treatment period. Administration of docetaxel could be skipped if the patient experienced unacceptable toxicity (eg, grade 3 or worse hematological/nonhematological toxicity, not appetite loss, constipation, and nausea/vomiting). Patients who did not wish to continue the regimen and those showing a decline in PS (PS 4) were allowed to withdraw from the study.
Statistical analysis
The primary endpoint of this study was feasibility. The secondary endpoints were overall survival time (OS) and objective response rate (ORR). The OS was defined as the time from the start of the LDM chemotherapy to the time of death from any cause or to the date the patient was last known to be alive. Treatment-related adverse effects were evaluated using National Cancer Institute Common Toxicity Criteria, version 2.0. 9 Objective tumor responses were evaluated using the Response Evaluation Criteria in Solid Tumors, v ersion 1.0. 10 The ORR was defined as the proportion of complete remission (CR) and partial remission (PR) compared with the total number of patients. The disease control rate (DCR) was defined as the proportion of CR, PR, and stable disease (SD) compared with the total number of patients. The minimal time interval required between two measurements for determining SD was 6 weeks. The 95% confidence interval (95% CI) for the ORR and the DCR was calculated using the binomial distribution. The OS was estimated with the Kaplan-Meier product-limit method. 11 The 95% CIs of the survival rate were calculated using Greenwood's method. 12 To calculate the 95% CI of the median survival time (MST), the Brookmeyer and Crowley method was used. 13 All statistical analyses were conducted using the JMP9 version 9.0.2 Program for Windows (SAS Institute Inc, Cary, NC).
Results

Patient characteristics
From June 2000 to September 2005, 27 patients were enrolled in this study. The patients' characteristics are summarized in Table 1 . All the patients were Japanese and the median age was 62 years (range: 32-75). There were seven women and 20 men in the study. Adenocarcinoma and squamous cell carcinoma were present in 17 and ten patients, respectively. Eleven patients had stage IIIB disease, while 19 patients had stage IV disease. The Eastern Cooperative Oncology Group PS was 0 and 1 in 13 and 14 patients, respectively. All patients had received cytotoxic chemotherapy, eleven patients had received thoracic radiotherapy, and five patients had undergone surgery. Previous chemotherapy consisted of one regimen in 14 patients, two regimens in twelve patients, and three regimens in one patient. The median number of cycles administered to 27 patients was 20 (range: progression (16) , unacceptable toxicity (five), deterioration of PS (three), and refusal to continue the treatment (three). After withdrawing from this study, nine patients received at least one chemotherapy regimen including epidermal growth factor receptor tyrosine kinase inhibitor.
Treatment-related adverse effects
The treatment-related adverse effects observed in this study are summarized in Table 2 . No treatment-related death was observed. Grade 3 or 4 neutropenia and thrombocytopenia were not observed. Grade 3 or 4 anemia was observed in two patients (7.4%). Pleural effusion was the most common nonhematological adverse effect observed in this study. Pleural effusion of grades 1-3 was observed in 16 patients (59.3%, 95% CI: 38.8-77.6), of whom two patients (7.4%) showed grade 3 pleural effusion. Edema in extremities was observed in five patients (18.5%, 95% CI: 6.3-38.1). Grade 1 diarrhea was observed in two patients, but grade 2 or worse diarrhea was not observed. Other observed hematological or nonhematological adverse effects were mild and manageable. Thus, these findings suggest that the LDM docetaxel regimen employed in this study was feasible.
Clinical outcomes
The objective responses are summarized in Table 3 . One patient showed CR; one, PR; ten, SD; and 15, progressive disease. The ORR and DCR were 7.4% (95% CI: 0.9-24.3) and 51.9% (95% CI: 32.0-71.3), respectively. Twenty-two of the 27 patients died, and five patients were censored due to lack of follow-up. The Kaplan-Meier survival curve of OS is shown in Figure 1 . The MST was 16.4 months (95% CI: 5.7-36.4). The 1-, 2-, and 5-year survival rates were 58.8% (95% CI: 40.1-77.5), 47.1% (95% CI: 27.9-66.2), and 12.1% (95% CI: 0-26.9), respectively. The median progression-free survival time (PFS) was 6.5 months (95% CI: 3.4-11.0). However, the PFS data are for reference purposes only because PFS was not included among the study endpoints.
Discussion
Preclinical data clearly demonstrated that LDM chemotherapy could exhibit an alternative antitumor effect in addition to the direct cytotoxic effect. Browder et al showed that LDM chemotherapy with cyclophosphamide eradicated Lewis lung carcinoma, which was refractory to conventional maximum tolerated dose (MTD) chemotherapy.
14 Kamat et al also described that compared with MTD docetaxel, LDM docetaxel treatment against a human ovarian cancer xenograft model exhibited tumor reduction, leading to improved survival. 6 Metronomic docetaxel has also been shown to decrease the microvessel density of tumors and inhibit the mobilization of circulating endothelial precursors. Thus, these findings have been the basis for several clinical studies on the use of LDM chemotherapy for NSCLC treatment. 15, 16 Based on the metronomic theory, drug administration should be repeated as frequently as possible and without any interval. Therefore, we employed a true weekly scheduling scheme. Hainsworth et al reported a Phase I study involving a true weekly docetaxel regimen for patients with refractory solid tumor. 17 They proposed an MTD of 20 mg/m 2 /week when used concurrently with radiation therapy. Patients with relapsed NSCLC often require palliative radiation therapy against brain or bone metastasis. Therefore, for this study, we determined the study dose of docetaxel based on Hainsworth et al's Phase I study.
Dose setting in LDM chemotherapy should be determined based on the optimal biological dose (OBD) instead of the MTD. 5 However, it is difficult to determine the OBD because there is no accurate surrogate marker for LDM chemotherapy. Tas et al evaluated the effect of the MTD and LDM chemotherapy on the concentrations of serum vascular endothelial growth factor, thrombospondin-1, and vascular endothelial growth factor receptor 1 in patients with advanced NSCLC. 18 The results revealed that angiogenic hallmarks do not always serve as surrogate markers for determining the OBD in LDM chemotherapy. However, LDM chemotherapy could also promote the differentiation of tumor cells. Eckert et al and Grünberg et al observed that docetaxel promoted the differentiation of human colon carcinoma cell line HT-29 in vitro at low concentrations rather than high concentrations, leading to the inhibition of cell proliferation. 19, 20 Apart from the antiangiogenic effect, the previously mentioned direct modulation of tumor phenotypes by LDM chemotherapy requires a distinct surrogate marker, other than angiogenic hallmarks, to determine the OBD. To date, there is no accurate surrogate marker for deciding the OBD in LDM chemotherapy.
In general, the results show that our novel LDM docetaxel chemotherapy approach is feasible. In particular, the hematological adverse effects were extremely mild and the prevalence and grade of neutropenia were strikingly lower than those reported previously.
1,2,3,21 Our LDM docetaxel regimen did not result in grade 3 or 4 neutropenia, whereas conventional triweekly 75 mg/m 2 docetaxel led to the development of grade 3 or 4 neutropenia in 40.2% of patients. 21 In addition, the prevalence of diarrhea was significantly decreased. The prevalence of diarrhea in the LDM docetaxel and MTD docetaxel regimens was 7.4% and 24.3%, respectively. The well-tolerated toxic profiles of our LDM regimen should enable patients to receive long-term treatment without an interval.
Fluid retention, characterized by peripheral edema and nonmalignant pleural effusion, is a specific adverse effect of docetaxel. An increase in vascular permeability and subsequent capillary protein leak have been regarded as pathological etiologies of fluid retention. 22 However, a previous report showed pleural effusion occurred preferentially in weekly docetaxel rather than in triweekly docetaxel regimens. 23 In our study, the most common nonhematological adverse effect was pleural effusion with this LDM regimen. Unfortunately, we did not always conduct cytological examinations of the pleural effusions, so we could not determine whether the pleural effusion was definitely due to the LDM docetaxel regimen. In addition, we employed premedication with 2 mg of dexamethasone. This premedication with a relatively low dose of corticosteroid may have led to frequent pleural effusion. We tried to manage patients who developed pleural effusion using oral diuretics. However, the PS of three patients decreased due to refractory pleural effusion, resulting in withdrawal from the study. Thus, careful management of fluid retention is necessary when employing this LDM regimen.
The results from three large-scale randomized studies demonstrated that the ORR and DCR of a 75 mg/ m 2 triweekly docetaxel regimen for previously treated NSCLC were approximately 5.5%-8.8% and 52%-55.2%, respectively. The results from our LDM regimen (ORR: 7.4%; DCR: 51.9%) were highly comparable to those of previous studies. 1, 2, 21 In addition to the comparable tumor responses, our LDM regimen yielded a highly favorable OS and showed an MST of 16.4 months, whereas previous studies reported values of 5.7-7.9 months. Lielenbaum et al reported a Phase II study of weekly docetaxel containing 36 mg/m 2 /week for 6 consecutive weeks every 8 weeks.
24
The study included PS 2 patients. The MST for the subgroup of PS 0 or 1 was 11.9 months. Our LDM regimen data were also better than theirs. In addition, the hematological toxicity profile of our regimen was better than theirs. However, fluid retention was more frequent and more severe in our regimen.
A recent report noted that adenocarcinoma has better prognostic predisposition than squamous cell carcinoma. 25 We examined an additional analysis for histological subtype. The MST in the squamous cell carcinoma group and the adenocarcinoma group was 5.5 months and 33.0 months, respectively. There was a significant difference in OS (P = 0.0031). Moreover, the MST of the adenocarcinoma group was much better than previous reports. Natural long survivors may have selectively accumulated in the adenocarcinoma group leading a better survival profile. Altogether, we cannot deny the possibility that our LDM regimen may benefit a particular subpopulation, especially patients with adenocarcinoma, rather than all relapsed NSCLC patients. Despite the small size of this study, these findings suggest our LDM regimen could partially replace the conventional triweekly regimen.
Conclusion
In this study, we reported the results of a pilot study of a novel metronomic treatment schedule involving weekly low-dose docetaxel therapy in patients with previously treated NSCLC. The treatment was well tolerated and active. Therefore, this metronomic regimen is a promising alternative treatment option in previously treated NSCLC patients and warrants further investigation in Phase III studies.
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